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Abstract: 

Satellite telecommunication system for multiservice terminals which may be used 
to provide different telecommunication services to users distributed randomly 
within the area covered by the satellite. The system provides telephone and/or 
data services to rural area users, to transactional data terminals, to military 
networks users etc., and whenever a capillary service, not necessarily connected 
with high volume traffic, is required The system consists of a ground control 
station (GCMS), of a telecommunication satellite with on board transponder 
(CMTP) to carry out FDMA/TDM (frequency division multiple access - time 
division multiplexing) and regeneration and switching of digital signals and of the 
ensemble of users terminals (SCCT). It is possible to establish telephone and 
data connections between SCCT terminals or GCMS terminals (and viceversa) 
and to establish interconnection of system users with the users of other ground 
networks (for which the GCMS acts as transit interface) and to provide SCCT 
terminals with the access to telematic services (for which the GCMS acts as 
service centre). Interconnection of SCCT terminals and satellite is made on 
single SCPC-FDMA (single channel per carriers - frequency division multiple 
access) channels; interconnection between satellite and station (and viceversa) 
and between satellite and tenninals is made on single multichannel carriers wit 
224 

h TDM channel multiple-xing. FDMA/TDM conversion takes place on board of the 
satellite. 
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@ Monochannelmuitiservicetermlnaltateliitatelecommunicatloiiasystem. 

@ Satellite telecommunication system for multiservice ter- 
minals which may be used to provide different telecom- 
munication services to users distributed randomly within the 
area covered by the satellite. 



The system provides telephone and/or data services to 
rural area users, to transactional data terminals, to military 
networks users etc, and whenever a capillary service, not 
necessarily connected with high volume traffic, is required. 

The system consists of a ground control station (GCMS), 
of a telecommunication satellite with on board transponder 
(CMTP) to carry out FDMAH'DM (frequency division multiple 
access - time division multiplexing) and regeneration and 
switching of digital signals and of the ensemble of users 

<^ terminals (SCCT). It is possible to establish telephone and 
data connections between SCCT terminals or GCMS termin- 
als (and viceversa) and to establish Interconnection of 

8" system users with the users of other ground networks (for 
which the GCMS acts as transit interface) and to provide 
SCCT terminals with the access to telematic services (for 
1^ which the GCMS acts as service centre). 
^ Interconnection of SCCT terminals and satellite is made 
on single SCPC>FDMA (single channel per carriers - frequen- 
cy division multiple access) channels; interconnection be- 
Q tween satellite and station (and viceversa) and between 
satellite and terminals is made on single multichannel 
CL carriers with TDM channel muitiple-xing. FDMAHDM con- 
Ul version takes place on board of the satellite. 
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Monochannel Multiservice Terminal Satellite 
Telecoinmunlcatlons System 

Description 

The invention regards a satellite TLC system for single chan- 
nel, multiservice terminals which provides telephone, data and 
other TLC services to users equipped with a terminal through an 
interconnection, via satellite, with a control station. 

Field of Application 

The invention may be used In the civil or military field to 
establish telecommunlcatfon services between scattered users 
(rural areas, tactical units etc.) and to extend TLC services, 
offered by fixed networks (public telephone network, tactical 
networks), to such scattered users. 

The problem to be solved 

The" Invention presented relates to a TLC system for scattered 
users wliich is based upon low cost and easily fitted user termi- 
nals and upon a regenerating transponder which has an on board 
switching capability to achieve interconnections between system 
users and ground network users through a single satellite link. 
The system receives commands from a control system which, as 
well as providing real, time management, also acts as interface 
between the system In subject and the networks within which the 
system is called to operate. The use of single channel, frequen- 
cy division (FDMA-SCPC) interconnections in the link, .of termi- 
nals to on board transponder minimizes the power required of 
the terminal transmitter. The use of the interconnection on a 
single carrier between transponder and terminals and between 
transponder and control station also minimizes the power requi- 
red of the on board transmitter and also makes it work close to 
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saturation . 



In particular if. as a particular case, the useful signal is di- 
gitally coded and therefore digital multiplexing and switching 
techniques are used in the on board transponder, further power 
economy advantages can be achieved thanks to error correction 
techniques, such as FEC (foward error correction) and implemen- 
tation advantages due to the use of more simple and economic de- 
vices compared to demodulation., multiplation and switching 
equipment of analogue signals. 

As a non limiting example. It may be assumed that the on board 
transponder Is Implemented by one or more regenerating and swit- 
ching modules for TLC transponder with FDMA/TDM conversion such 
as that covered by previous patent no. 47776-A/86 (87103746.1). 

Previous Solution-s 

The problem of providing telecommunication services to scatte- 
red users has till now been solved using ground and satellite 
radio channels which interconnected the users with a radio sta- 
tion interfacing the fixed network. Systems based upon multiple 
access ground radio interconnections have a number of drawbacks 
such as: 

- the difficulty to build reliable multiple access radio sy- 
stems over largely extended areas, 

- the cost of installation, which increases with the area to be 
served and not with the number of users. 

- the difficulty with which useful free frequencies in the 
VHF/UHF band can be found. 
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Systems based upon point to point interconnectipn of users and 
access radio stations to the network are more reliable than mul- 
tiple access systems, but they require a greater number of ra- 
dio channels (in a ratio of. about 10 to 1)^. 

Furthermore all ground systems are heavily penalised in terms 
of cost and complexity by the distances involved aind by the lo- 
cal orography, as radio links develop normally along almost 
straight lines between points to be ^connected. 

Systems via satellite are better suited than ground systems for 
scattered users because: 

- they benefit of better user visibility, independently of the 
surface to be served and, up to a certain. extent also of local 
orography, 

- • they lend themselves to the implemeajtation of multiple access 
systems of good reliability, ^ 

- they make use of a number of radio channels which depends on 
the traffic to be handled and is independent of the number of 
users and of. the distances involved. ^ , . 

While in systems implemented till now: 

- the user to station interconnection is symmetrical to that 
between station and user and this penalizes peripheric terminal 
antenna dimensions and terminal required transmitting power; 

- system users interconnection, particularly frequent in civil 
or military tactical user areas, is through a double link 
through the space transponder , .which therefore penalizes conver- 
sation comprehension and therefore as, a. result, time efficiency 
of the interconnection (less information in the same time). 
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in the solution presented by this invention, all drawbacks men- 
tioned are eliminated, or minimized, thanks to multiplexing and 
switching techniques in the on board transponders, which there- 
fore provides a system which optimizes the use of transmission 
channels and power levels on ground and an board and which dis- 
penses with the need for a two way link with the satellite when 
connecting two system users through the satellite transponder. 

Such transponder may therefore, as a non limiting example, be 
implemented by adopting one or more modules « 
tion at previous patent No. 47776-A/86 (87103746.1) (regenera- 
ting and switching module for telecommunications transponder 
with FOMA/TDM conversion functions). 

System Description 

The invention will now be described with reference to one of 
its presently preferred forms of implementation, as a non limi- 
ting illustration. 

Figure 1 shows, schematically, the interconnection of the diffe- 
rent parts of the system. 

H CCT terminals, connected to each user telephone, and to optio- 
nal local data terminals, have access to N FDMA channels and 
n,ay deliver, on one of such channels, a RF carrier modulated by 
a 32 Kbps digital signal. 

All terminals receive the same carrier TDM.B modulated by a di- 
gital signal organised Into a TOM frame made up of N-2 useful 
channels, a synchro channel and a signalling channel. 
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The master GCMS station receives and transmits a pair of car- 
riers TDM. A modulated by digital signals organized as. described 
for TDM. B carrier signal. 

The GCMS station Is connected to the 1 ocal; centre through a 
beam (loom) of interconnections and 1s connected with the 
ground network management centre through a data channel so as 
to exchange data relevant to billing, maintenance,, management 
etc- 

The on board transponder (CMTP Communication Transponder) has 
the following tasks: . 

- receive and regenerate TDM. A uplink c.arrl.er signals; 

- receive FDMA-SCPC carries, regenerate and .remultiplex recei- 
ved signafs; 

- generate and transmit TDM. A and TDM..R downl i nk carriers. 
The services made available by the system descnlbed are: 

telefone for rural and/or moving users (with static manage- 
ment post) with singlehop connection for .user to user and user 
to network fixed telephone calls and vie? versa; 

- in band data service; 

- high speed (32 Kbps inclusive of FEC) data service between 
users, or between users and roaster statlqn.and vice versa; 

- high speed access to central computeri7ed services (data 
banks, bank systems, booking systems); 

- telemedlcs; 

- news broadcast (newspaper, stock exchange, weather); 

- teledetection data retrieval. 
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Assuming, as a non limiting example, that M = 1 000 we have N = 
128 and if the' useful Signal generated by SCCTs is coded accor- 
ding to ADPCM technique at 32 Kbps, the signal bit rate coming 
from CMPT transponder is about 4 Mbps. 

In the following part of the description, reference will be 
made to such example figures. 

With reference to Figure 2. the structure and operation of the 
SCCT (Single Channel Coraraun.icatlon Terminal) may be summarized 
as follows: 

- The user disposes of a four wire telephone ( + signalling) 
and, as an option, of a data terminal for access to non telepho- 
ne services: typically a video terninal with carrier or. for 
. more evolved services, a Personal Computer, 

Telephone and data terminals are connected to an interface unit 
(USRI, User Interface) which has the task to: 

- interpret the telephone selection criteria and user sent 
data, delivering them to the local Terminal Control Unit 
(TCTU) in the form of digital sequencies; 

- interpret the command sequencies arriving from TCTU 
transforming them Into signalling criteria suitable for 

.user terminals (ringing device, pilot lights, data interfa- 
ce criteria etc.)* 

- code the signal in the radio band (in band voice or 
data) coming from the user terminals in accordance with 

. CEPT ADPCM 32 Kbps algorithm and supply it in digital se- 
quential form to MODM modem, for further . conversion to 
IF-PSK signal; 

- decode digital signal ADPCM arriving from demodulator 
OEMD obtaining an audio band signal to be delivered to the 
user terminal (audio band telephone or modem); 

- generate, upon TCTU command, "centre tones" to be deli- 
vered to the user telephone; 

- transfer to data terminal (optional) the digital sequen- 
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cies received by the OEMD (which may be processed by a FEC 
algorithm); 

- transfer toward MODM the digital sequences received from 
the data • terminal (which may be processed by an FEC 
algorithm); 

- extract from TDM.B sequence received by the DEMO channel 
status information and signalling and service messages di- 
rected to SCCT making them available for the TCTU for fur- 
ther conditioning; 

- Insert onto the digital carrier, transmitted toward the 
satellite, signalling patterns (engagement and register 
call) and register messages (signalling and service 
messages) as a function of the TCTU received commands, 

- Useful signals (phone, in band or digital data) are then pro- 
cessed during transmission or reception by USRI and MODM/DEMD 
units, to be then converted to RF by the RTFE (Reicei ve-Trans- 
mit Front End) for recei ve-transmi t from/to satellite. 

- Messages and signalling criteria and servlte messages requi- 
red for system operation are processed by control unit TCTU 
(Terminal Control Unit), 

In particular, TCTU has the task to: 

- process data provided by USRI correspondi ngly tt) the signal- 
ling criteria coming from the user's telephone (hang up, selec- 
tion etc-) activating, through USRI, the centraT tones required 
to make a call and activating, at the satellite end, access and 
transfer procedures of the signalling required by the system to 
establish the connection; 

- process signalling messages coming from the master station by 
activating, through USRI, the criteria required for the conver- 
sation (ringing, line tones ect.); 

- process service messages coming from the master station by ac- 
ting, consequently, on SCCT functional parameters (number of 
channels available, assigned channel, up-path^power-control , 
number table down loading ect.); 
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- command recei{>t and further transfer toward data terminal of 
possible broadcast service messages (news, stock market, wea- 
ther etc.) present in the TDM. B received , frame and for . which 
the terminal is enabled; . . :. . 

- set working frequencies of SCPC MODM DEMB units as a function 
of the information received through the signalling channel or 
in accordance with the access procedure. 

Timing and. frequency signals requiired for terminal operation 
are generated by a FQSM (frequency .synthesizer) unit which uses 
as a reference TDM. digUal clock coming from 6CHS, and received 
by DEMD. - ' . 

The GCHS (Gateway of Control Master Station) has the task to: 

- manage access procedures to FDMA channels; 

- manage telephone signalling and data and.call. processing; , 

- transit to/from telephone network/ground data networjc the., 
calls coming from/going ta system users; 

- connect system users with a special services centre througli 
high speed data channels for non telephone services; 

- system supervision. . , . ' 

Figure 3 shows the functional diagram of the GCMS station. With 
reference to such diagram. GCMS operation inay be briefly descri- 
bed as follows: 

- channels coming from SCCTs. through transponder CMTP, are re- 
ceived on carrier TOM. A downlink by receiving subsystem RXSS, 
demodulator DMDM and the Doppler effect compensator .DPCB; 

- digital signal TDM is de-multiplexed by module RXDX which: 

- separates four communication , 1.024 Mbps multichannels 
(32 nominal channels at .32 Kbps each), and sends them to 
switching matrix SHEQ; 

- extracts teleraeasurement channels and sends . them to the 
MPRC station; 
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* digital signal TDM.A downlink downstream the Doppler compensa- 
tor buffer DPCB Is sent to RXDX and also to signalling proces- 
sor SGPR which has the task to: 

- monitor continuously 124. useful .channel s. to detect pos- 
sible presence of engage or tegtister recall patterns; 

• assign dynamically to the. channels which have required 
them, the 32 signalling reception registers which, once 
assigned to a channiel , extract, from the digital sequence 
the signalling messages in jjan.d inserted into the transmis- 
sion by SCCT on the 32 Kbps signal; 

- transfer to MPRC signalling messages received by SCCT 
through signal 1 ing reception registers; 

- carry out access control functions (ACTF), described in 
the following, by producing a. channel status signal which 
Is delivered on a dedicated channel through the TXMX. 

• SGPR has also the task to: 

- transfer to TXMX, for further transmission, signalling 
and service messages generated, by MPRC, which are fed into 
the TDH^A uplink carrier signalMng channel; 

- generate, as a function of MPRC commands, telecommand 
and refresh signals of the on board matrix which is trans- 
mitted on a dedicated channel through the TXMX. 

-r Signals received and de-multiplexed by RXDX are sent to swit- 
ching matrix SWEQ which upon MPRC command:,., 

- switches channels' used for phone communication with 
ground network users onto corresponding channels which are 
directed towards the telephone interface TLNE through con- 
verters PCM/ADPCM; 

- extracts the digital channels used within the system for 
non telephone services, sending them to data multiplexer 
OTMX. 

- Telephone interface unit TLNE has the task to connect the* 
ground side channels (cpming from local centre) with satellite 
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side channels (going to system users) by converting the telepho- 
ne signalling at .the network side into messages directed to sta- 
tion MPRC and vice versa. 

- Station. processor MPRC hat the task, of call processing and of 
system supervision using TLNE as pre-processing front end of 
the ground side of the signalling and using SGPR as satellite 
side signalling pre-processing front end. 

- MPRC is connected by a data Tine with an upper level control 
centre so as to deliver to it' network supervision information 
and to receive through the sane Vbute, system pre set commands. 

- MPRC uses yet a data connection to transfer to other upper le- 
vel centre the information required for system traffic billing. 

Access to satellite channels for SCCT and transponder connec- 
tion is governed by a processing function which is trapTemented 
in master. station GCMS, and in the following it wflT be refer- 
red to as access control function (ACTF). 

ACTF function is in practice implemented by S6PR ind MPRC units 
of master station GCMS, previously described. 

For calls starting from the fixed network, ACTF assigns one of 
the free channels to the conversation and sigriaVs to the requi- 
red user's SCCT that a call is being delivered through a common 
signalling channel which, for such purposes; Is available, in 
the down link, to SCCTs. 

For system user calls, ACTF sends SCPC-FOMA channel, status in- 
formation in a downlink subchannel. 

A terminal which may need to access the system, selects one of 
the free channels and, tuning its SCPC modem onto such channel, 
sends a carrier, followed Immediately by an engagement digital 
pattern, the ACTF unit has available an engagement' pattern -de- 
tector which operates on all incoming channels and, having de- 
tected the engagement, sets the channel into "indicative waif 
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Status. 

As soon as such status Is detected by calling SCCT, this pro^c 
ceeds to send a second "call Indicative" which, when correctly 
recognized, gives way to a change' of channel status from "indi- 
cative wa.1t" to "selection wait" and Immediately after, the 
ACTF sends an "engage acknowledge" message only to the correct- 
ly recognized calling SCCT, 

Possible collisions during the engage phase cause either missed 
identification of the pattern by ACTU or the Identification of 
more consecutive patterns: In this second case the ACTU Ignores 
successive patterns. 

As the time taken for engagement pattern recognition Is known 
(and fixed), as Is that required for a channel status change, 
calling SCTUs check that the status change takes- place during a 
given time frame which lasts t^ and starts T msec after the en- 
gagement pattern has been sent: detection of a status change be^ 
fore time T Indicates the presence of multiple engagement 
(collision), where the SCCT of Interest has delivered its enga- 
gement pattern after that of another terminal. 

Lack of status change within a given time, on the contary, is 
indicative of fading or collision. ' 

Whenever collision l.s suspected, the call attempt has to be 
repeated after a time Interval TR selected randomly among N pos- 
sible values by the terminals which may be involved in the col- 
lision (so as to reduce repeated collision risk). 

To reduce collision probability In network congested situa- 
tions, SCCT terminals are self abilitated for access only du- 
ring a random series of Intervals which are selected so that 
the ratio between abilltate and non abilitate times is inverse- 
ly dependent. upon the occupancy percentage of useful channels. 

- 12 - 
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This technique allows abllltate procedures at different access 
priorities (possibly charged differently) by acting upon the ab- 
llltate to non abilitate time ratioes. 

As a non limiting example, we may suppose to dimension the sy- 
stem so that with 70% to 80X channel occupancy, an average wai- 
ting time of the "invitation to select" tone is of the order of 
2-3 sec. and collision probability is 20% to 25X. 

Figure 4 shows, in a time diagram, the protection raechanisraus 
from double engagement described above. 

Messages and signalling criteria are delivered In different fa- 
shions according to whether they are sent- by the master station 
or by peripheral terminals. 

Terminal originated signalling directed to GCMS travels within 
FDMA-SCPC channels: that directed to terminals is sent on a de- 
dicated channel of the TOM frame generated by GCMS. 

The signalling information contents is protected against inter- 
ference by the following criteria: 

- SCCT terminal originated messages: 

the message begins with a -start" message which consists 
of a 15 bit pseudorandom word and terjninals with the same 
word complemented as "stop'' criteria. ^ 

The message consists of a group of M x 11 useful bits 
which are coded in 11 bit blocks in Golay code 21 bit 
blocks. 
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The ensemble of M x 11 bits is divided into information 
fields as a function of message type: one of the Informa- 
tion fiejds is an m bit "error check field" which checks 
parity over m useful bit sequencies (for a maximum of 
. 2"* - m - i useful, bits). 

- GGMS originated messages: 

The digital channels used to. transmit signalling messages 
originated by GCMS is organized into periodic frames. 

Such frames, are organized into 4 bit slots and they con- 
tain, a synchro channel through which received frames may 
be numbered (using a suitable super frame synchronism). 
With such criteria^ frames are numbered module 42 and the 
set of 42 4 bit characters of the signalling channel slot 
provides eight 21 bit blocks which according to the Golay 
code can host 8 x 11 = 88 useful bits, i.e. eleven 8 bit 
characters . 

GCMS may therefore generate a continuous flow of charac- 
ters for a total of • 2000 characters/second = 16 
Kbit/second transmitted in a Golay code protected form. 

As already stated, the system may be used, as a non limiting ex- 
ample, to provide telephone and/or data services to rural area 
users, to transactional data terminals, to military networks 
users etc., and whenever a capillary service, not necessarily 
connected with high volume traffic, is required. 

The system consists of a ground control station (GCMS), of a 
telecommunication satellite with on board transponder (CMTP) to 
carry out FDMA/TDM (frequency division multiple access - time 
division multiplexing) and regeneration and switching of digi- 
tal signals and of the ensemble of users terminals (SCCT). 
Through the system described it is possible to establish tele- 
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phone and data connections between SCCT terminals or GCHS termi- 
nals (and viceversa) and to establish interconnection of system 
users with the users of other ground networks (for which the 
GCMS station acts as transit interface) and to provide SCCT ter- 
minals with the access to telematic services (for which the 
GCMS station acts as service centre). 

Interconnection of SCCT terminals and satellite is made on sin- 
gle SCPC-FDMA (single channel per carries - frequency division 
multipe access) channels; interconnection between satellite and 
station (and viceversa) and between satellite and terminals is 
made on single multichannel carries with TDH channel multiple- 
xing. FDMA/TDM conversion takes place on board of the satelli- 
te. 
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1. Satellite telecommunications system for single channel, mul- 
tiservice terminals, characterized by the fact 
that more than one terminal (SCCT - Figure 1) are connected 
through a set of common radio channels to a regenerating trans- 
ponder (CMTP - Figure 1) which has a useful signal demodula- 
ting, FDMA/TDM converting, demultiplexing, switching and re-mul- 
tiplexing capability and, through this, to a control station 
(GCMS - Figure 1) also connected to the transponder (CMTP) by a 
bidirectional radio channel used for the transmission of a plu- 
rality of multiplexed useful signals, where the transponder 
(CMTP) is connected to the terminals (SCCT) by a unidirectional 
radio channel which Is used for a plurality of useful signals. 

2, Satellite telecommunications system* as claimed by claim 1, 
characterized by the fact that access of the terminals (SCCT - 
Figure 1) to the set of common radio channels is governed by a 
collision access procedure, such that all SCCT termials are in- 
formed of channel status by an Information channel generated by 
the control station (GCMS - Figure 1) called "status channel", 
where the engagement request of a channel by an SCCT takes pla- 
ce by delivering on the designated channel a digital configura- 
tion called "engagement request", where the control station 
(6CMS) response to detection of an "engagement request" con- 
sists of a channel status change from "free" to "indicative 
wait" condition, where the time at which such change of state, 
is detected by the terminal (SCCT) is compared with a predeter- 
mined timeframe, considering such change of state as correspon- 
ding to the engage request only when such time falls within the 
timeframe, where the engaging terminal (SCCT) responds to the 
change of state with a "call indicative" signalling message 
within which it sends, at least, its own indicative, where the 
ground control station (GCMS) responds to such message with a 
"confirm engage" message which ensures engage channel availabi- 
lity to the terminal (SCCT). 
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